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[57] ABSTRACT 

An externally moderated thermal nuclear reactor is 
disclosed which is designed to provide output power in 
the form of electromagnetic radiation. The reactor is a 
gaseous fueled nuclear cavity reactor device which can 
operate over wide ranges of temperature and pressure, 
and which includes the capability of processing and 
recycling waste products such as long-lived transura- 
nium actinides. TTie primary output of the device may 
be in the form of coherent radiation, so that the reactor 
may be utilized as a self-critical nuclear pumped laser. 

18 Claims, 2 Drawing Figures 
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A need therefore exists for further improvements in 
NON-EQUILIBRIUM RADIATION NUCLEAR nuclear reactors, and especially in gaseous core reac- 
REACTOR tors. 


ORIGIN OF THE INVENTION 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of section 305 of the National 
Aeronautics and Space Act of 1958, public law 85-568 
(72 Stat. 435; 42 U.S.C. 2457). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an externally moder- 
ated thermal nuclear reactor and more particularly to a 
gaseous fueled externally moderated thermal nuclear 
reactor developing non-equiUbrium output radiation. 

2. Description of the Prior Art 

The need for practical sources of nuclear power has 
become acute in view of the diminishing reserves of 
fossil fuels. Thus substantial research and development 
activities have been devoted to developing and improv- 
ing existing nuclear reactors. However many problems 
remain unsolved in the nuclear energy Held. 

For example, existing technology, which has been 
directed primarily to solid fuel fission reactors, has not 
supplied satisfactory solutions to the problems raised by 
the disposal of radioactive materials, such as transura- 
nium actinides produced in all fission reactors. At the 
present time, these long-lived and potentially hazardous 
waste materials must be containerized and dumped or 
stored in suitable remote locations or must be repro- 
cessed at great cost before they can be consumed in 
conventional reactor systems. Accordingly, conven- 
tional solid fueled reactors pose a serious problem in 
environmental control since they produce ever increas- 
ing quantites of radioactive waste materials. 

A further problem area that has plagued nuclear reac- 
tor advocates is the safety hazard posed by conven- 
tional solid fueled reactors. The large inventory of fuel 
required to make solid fuel reactors operative always 
creates the threat of a catastrophe due to fuel melt down 
in case of loss-of-cooling accidents as well as the possi- 
blity of criticality accidents. Furthermore, the elaborate 
safety systems required to prevent such accidents are 
extraordinarily expensive and add substantially to the 
cost of nuclear facilities. 

Thus a need exists for a development in reactor .tech- 
nology which will eliminate or reduce these various 
disadvantages of prior technology. 

Gas and plasma core reactors, proposed in the p^t, 
have offered only partial solutions to the problems 
noted above. Such previously proposed gas and plasma 
core reactors are projected for operation at high tem- 
peratures and pressures, providing output power 
largely in the form of conventional heat energy. Such 
previously proposed gas and plasma core reactors were 
conveived for Wgh specific impulse propulsion in space; 
accordingly, their operation temperature is at 10,(XX) 
degrees and higher, and their power would be at 10,000 
Megawatts and higher. Such previously known gaseous 
and plasma core reactor concepts have not satisfactorily 
resolved many of the safety and environmental prob- 
lems mentioned above with regard to solid fueled reac- 
tors, and they are not practical as sources for continu- 
ous power because of too great temperatures, pressures 
and power. 


SUMMARY OF THE INVENTION 

Accordingly, one object of the present invention is 
the provision of a novel externally moderated thermal 
nuclear reactor. 

Another object of the present invention is the provi- 
sion of a novel low temperature gas core reactor pro- 
viding output energy in the form of electromagnetic 
radiation. 

A stUl further object of the present invention is the 
provision of a gaseous core cavity reactor having at 
least a portion of its output in the form of light energy, 
operating over wide ranges of temperature. 

Another object of the present invention is the provi- 
sion of an externally moderated thermal nuclear reactor 
providing output power in the form of non-equilibrium 
electromagnetic radiation. 

Yet another object of the present invention is the 
provision of a externally moderated thermal nuclear 
reactor capable of supplying output power in the form 
of coherent radiation. 

A still further object of the present invention is the 
provision of a novel gaseous core cavity reactor form- 
ing a nuclear pumped laser. 

Yet another object of the present invention is the 
provision of an improved gaseous fuel cavity reactor 
capable of consuming radioactive waste materials. 

Another object of the present invention is the provi- 
sion of a novel externally moderated thermal nuclear 
reactor requiring a minimum fuel inventory. 

A still further object of the present invention is the 
provision of an externally moderated gaseous fuel ther- 
mal nuclear reactor of high efficiency having maximum 
fuel utilization and low thermal pollution. 

Another object of the present invention is the provi- 
sion of a novel gaseous fuel cavity reactor of extremely 
safe design with essentially no opportunity for critical- 
ity accidents. 

Yet another object of the present invention is the 
provision of a novel gaseous fuel cavity reactor having 
complete tolerance for loss-of-cooling accidents. 

Another object of the present invention is the provi- 
sion of a novel gaseous fueled externally moderated 
thermal nuclear reactor having adaptability to an ex- 
tremely wide range of power conversion systems. 

Briefly, these and other objects of the invention are 
achieved by the provision of a reactor chamber sur- 
rounded by a reflecting and moderating material. A 
gaseous fuel is supplied to the cavity through an appro- 
priate feed system. The temperature and pressure 
within the reactor cavity are selected to maximize the 
probability of non-elastic collisions between high en- 
ergy fission products and surrounding atoms or mole- 
cules whereby power output in the form of electromag- 
netic energy is maximized. An optical resonator may be 
added to the device resulting in the emission of coherent 
radiation through lasing action. Provisions are made to 
recycle the gaseous fuel and selected radioactive waste 
products back to the reactor for bumup of such waste 
products. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the invention and 
many of the attendant advantages thereof will be 
readily obtained as the same becomes better understood 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


55 


60 


65 


4,075,057 


3 

by reference to the following detailed description when 
considered in connection with the accompanying draw- 
ings, wherein: 

FIG. 1 is a schematic diagram of the cavity and mod- 
erator conflguration of the gaseous core reactor of the 
present invention; and, 

FIG. 2 is a schematic diagram of a total functional 
system for use with reactor illustrated in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, wherein like refer- 
ence numerals designate identical or corresponding 
parts throughout the several views, and more particu- 
larly to FIG. 1 thereof, the cavity or reaction chamber 
of the present invention is identified by the reference 
numeral 10. The cavity may be spherical, cylindrical, 
cubical or rectangular in cross-sectional configuration, 
and is contained within and surrounded by a reflector- 
moderator 12. The reflector-moderator may be formed 20 
of beryllium or may be beryllium, stainless steel or other 
conventional structure filled with heavy water. As an 
example of the general size and dimensions of the reac- 
tor chamber illustrated in FIG. 1, the cavity 10 may be 
on the order of one meter in diameter and one meter in 25 
length depending on its shape. Similarly, the reflector- 
moderator may be on the order of one-half meter thick. 
Naturally, it will be apparent to those skilled in the art 
that various different dimensions and thickness may be 
used depending upon desired power output and other 30 
conventional factors of reactors design. 

An optical system consisting of a pair of mirrors 14 
and 16 may optionally be installed in the cavity 10 in 
accordance with the nuclear pumped laser aspect of the 
present invention, as will be described in more detail 35 
subsequently. A principal light output port 18 sealed by 
an optically transparent medium, such as a suitable glass 
window (not shown) or a suitable fluid mechanical 
window device for light transmission in the vacuum is 
provided for permitting light generated within the cav- 40 
ity 10 to be transmitted to the exterior of the cavity for 
utilization as output power. An optical light output port 
20 is also illustrated demonstrating the fact that plural 
light output ports may be used with invention and may 
be located at various points around the periphery of the 45 
cavity 10. 

A conventional control rod system 22 may be used 
for controlling the introduction of one or more cad- 
mium control rods 24 into the chamber 10 for control- 
ling the reaction rate within the chamber. Similarly, 50 
rotating control drums containing boron poison plates 
may also be positioned around the periphery of the 
cavity 10 in the reflector-moderator structure for con- 
trolling the reactor. 

A gaseous fuel inlet 26 is provided to permit the entry 55 
of a suitable fuel into the reactor. The preferred fuel is 
gaseous UFg, although other volatile chemical com- 
pounds of uranium, plutonium, thorium and other fissile 
materials may also be used. 

The gaseous core nuclear fission reactor of the pres- 60 
ent invention operates to directly convert fission frag- 
ment energy into non-equilibrium electromagnetic radi- 
ation, predominantly in the soft X-ray, ultra-violet, 
visible and infrared spectra. This radiation may be ran- 
dom or coherent depending upon the optics placed 65 
within the reaction chamber. Inelastic collisions be- 
tween fission fragments and molecules, atoms and/or 
ions of the gaseous nuclear fuel material and/or selected 
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admixtures of the gaseous fuel and one or more suitable 
gases provide the desired electromagnetic energy out- 
put through subsequent non-equilibrium de-excitation 
and recombination radiation. The non-equilibrium dis- 
5 tribution of excited and ionic states in the gaseous nu- 
clear fuel mixture (and its various admixtures) is 
brought about by adjusting the fuel gas density and 
temperature in the reactor such that the energy of the 
fission fragments is transferred predominantly by inelas- 
10 tic collisions so that only a lesser fraction of the fission 
fragment energy is dissipated by elastic collisions and 
converted into heat. The temperature range of the reac- 
tor should, for example, be maintained in the range from 
100° to 3000° F and the pressure should be maintained 
15 between J and 100 atmospheres. Maintaining the reac- 
tor within these ranges and providing an optically thin 
fissioning medium increases the percentage of the en- 
ergy output of the reactor which falls within the elec- 
tromagnetic spectrum. 

The non-equilibrium radiation nuclear reactor (abbre- 
viated NERIWR) of the present invention is different 
from known gaseous core nuclear reactors for several 
reasons. For example, the spectral distribution of radi- 
ated power derived from the NERNUR deviates appre- 
ciably from the black body radiation of previously dis- 
closed gaseous core nuclear reactors. Accordingly, the 
operating tempierature of the NERNUR in producing 
non-equilibrium radiation is appreciably lower than the 
equivalent color temperature of previously disclosed 
gaseous core nuclear reactors. At this lower tempera- 
ture, the pressure of the gaseous nuclear fuel is much 
lower than the pressure at which other gaseous core 
nuclear reactors must be maintained in order to main- 
tain criticality. Because of the lower temperature and 
pressure of the gaseous nuclear fuel, the conflnment of 
the fuel is accomplished more easily than with previ- 
ously known gaseous core nuclear reactors. The low 
temperature of the gaseous nuclear fuel in the NER- 
NUR permits it to be operated at a wide range of power 
levels, providing a number of advantages in construct- 
ing and utilizing the device. Furthermore, the lower 
temperature and pressure of the gaseous fuel and the 
resulting ease of confinment pjermits minimization of the 
critical mass of the gaseous fuel to a much greater extent 
than jjossible in other gaseous core reactors. Naturally, 
the fact that the fuel is in the gaseous phase also pro- 
vides other advantages in permitting it to be continu- 
ously circulated and reprocessed for the elimination of 
radioactive waste, as will be explained in more detail 
subsequently. 

Thus, as explained above, the NERNUR of the pres- 
ent invention is a self-critical gaseous fuel nuclear cavity 
reactor in which the energy of fission fragments result- 
ing from nuclear chain reaction in the reactor is con- 
verted predominantly and directly into electromagnetic 
radiation primarily in the visable, infrared, soft X-ray 
and ultra-violet sp>ectrum. By maintaining a low fuel 
density within the pressure and temperature ranges set 
forth above so that the fuel gas remains optically thin, 
inelastic collisions within a reactor can be maximized 
and elastic collisions can be minimized, whereby the 
heat output of the reactor is significantly reduced and 
the light or electromagnetic energy output thereof is 
maximized. 

Although output energy from a reactor in the form of 
incoherent light is useful for many applications, such as 
large scale illumination and heating, it is also desirable 
that the output energy be converted into coherent light. 
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creating in effect a nuclear pumped laser. One of the 
significant advantages of the NERNUR resides in the 
fact that it can easily be adapted to provide such coher- 
ent output radiation. 

Nuclear-induced population inversion has been 5 
known to exist for some time (see for example “Popula- 
tion Inversions In Fission Fragment Excited Helium”, 
ANS Transactions, volume 17, pages 3 and 4 1973). 
Thus a small percentage of the electromagnetic radia- 
tion generated by the NERNUR as described above 
could be expected to be in the form of coherent radia- 
tion. However to greatly enhance the percentage of 
coherent output radiation, an optical resonator, such as 
a Fabry-Perot cavity, may be included within the reac- 
tor cavity of the above described NERNUR apparatus. 
This resonator, comprising mirrors 14 and 16, for exam- 
ple, forces an increased percentage of the light emitting 
particles within the nuclear cavity to emit radiation in 
phase, producing coherent output radiation. The nu- 
clear-pumped laser thus produced provides a powerful 
tool for use in optical communications, direct power 
transmission and many other fields, as will be apparent 
to those skilled in the art. 

Having thus explained the general principles of the 
apparatus of the present invention, attention is now 
directed to FIG. 2 which discloses in more detail vari- 
ous fuel feed, control, safety and output systems used in 
conjunction with the gaseous core reactor of the pres- 
ent invention. 2 q 

More particularly, the cavity or reaction chamber 10 
of the NERNUR is illustrated in FIG. 2 as surrounded 
by a reflector-moderator 12 of heavy water. The reflec- 
tor-moderator may, for example, be a suitable stainless 
steel tank filled with heavy water (D 2 O). Naturally, 35 
other suitable materials and structural configurations 
could also be used for the reflector-moderator. An opti- 
cal window 28 is illustrated as the equivalent of the light 
output port 18 of FIG. 1, and is intended to provide an 
output path for electromagnetic and optical power de- 40 
veloped within the reactor. An optical resonator of the 
type described previously may naturally be added to the 
structure illustrated in FIG. 2 for the purpose of provid- 
ing coherent output radiation, but this has not been 
shown to simplify the drawing. 45 

A pressure relief system 30 and an emergency flood- 
ing system 32 are provided to prevent the reactor from 
running out of control. The pressure relief system 30 
includes a pressure relief valve 34 coupled to a dump 
tank 36, whereby the contents of the reaction chamber 50 
10 pass through the relief valve 34 into the dump tank if 
pressure within the reaction chamber exceeds a prede- 
termined safe limit. The emergency flooding system 32 
includes a boron solution pressurizer 38, coupled to and 
providing motive pressure for a boron solution reser- 55 
voir 40. The reservoir 40 is coupled by means of a suit- 
able piping system 42 to the interior of the reaction 
chamber 10 for flooding the reaction chamber when 
chamber temperature or other parameters exceed pre- 
determined safe limits. A chamber condition monitor 44 60 
is positioned within the reaction chamber for monitor- 
ing the temperature or other relevant parameters within 
the reaction chamber and for controlling the emergency 
flooding system depending upon conditions sensed. The 
details of the pressure relief system and the emergency 65 
flooding system are all well known to those skilled in 
the art as the systems are conventional and are com- 
prised of conventional components. Thus no detailed 
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description of the individual components comprising 
the systems will be necessary for those skilled in the art. 

The control rod system 22 illustrated in FIG. 1 is also 
illustrated in FIG. 2 representing the conventional man- 
ner of controlling the reaction rate within the cavity 10 . 

A cooling system using gaseous helium as a cooling 
fluid is illustrated as including a helically coiled cooling 
tube 46 surrounding the inner periphery of the reflec- 
tor-moderator 12. It will be understood, of course, that 
although helium gas is the preferred cooling fluid, other 
conventional cooling fluids may also be used. The cool- 
ing system is necessary since all fission fragments can- 
not be induced to undergo inelastic collisions, and thus 
a significant amount of heat energy is produced within 
the reactor. However, this heat energy can be used 
benefically by the provision of suitable energy conver- 
sion equipment. For example, the cooling system is 
illustrated as including a turbine 48, a heat exchanger 50 
and a dry cooling tower 52. These three elements repre- 
sent different conventional techniques for removing 
heat energy from the reactor system and may be re- 
placed by alternative conventional structures or heat 
transfer apparatuses. The turbine 48 represents a con- 
ventional means of extracting mechanical power from 
the helium cooling network, while the heat exchanger 
represents a fluid dynamic or other nonmechanical 
technique for extracting useable heat from the reactor. 
The dry cooling tower 52 represents yet another non- 
mechanical apparatus for removing residual heat from 
the reactor cooling network. Clearly, all these heat 
extracting components can be used to derive useful 
output energy from the reactor system in addition to the 
energy removed from the system in the form of optical 
or electromagnetic radiation. A pump 54 is provided for 
circulating the cooling fluid throughout the cooling 
system. 

A fuel feed system 56 is illustrated for delivering 
gaseous fuel to the reactor and for reprocessing par- 
tially reacted fuel. The fuel feed system includes a fuel 
supply 58 comprising a conventional reservoir of UFsor 
another suitable gaseous fissile fuel, which is fed 
through a mixing valve 60 to the reactor chamber 10 , 
through a gas inlet 26 as illustrated in FIG. 1, for exam- 
ple. Partially or completely reacted fuel gas intermixed 
with fission products is withdrawn from the reactor 
through an exhaust line 62 to be fed to a reprocessing 
unit 64 comprised of conventional components. The 
reprocessing unit permits continuous recirculation of 
the gaseous nuclear fuel while fission products (Sr^, 
Zr^’, Tc^^, Cs*^^, Cs'^^ etc.) are continuously separated 
and delivered through a line 66 to a suitable waste facil- 
ity. The reprocessing unit 64 also separates the radioac- 
tive actinides (Ra^^*, Th^^’, Pu^^*, Pu^^’, Am^‘", Cm^''^, 
Cm^'*^) and recirculates them through the mixing valve 
60 back into the reaction chamber 10. These antinides 
have very long radioactive half lives and represent the 
most serious problem of long term radioactive waste 
management in conventional reactor systems. How- 
ever, in the system of the present invention these acti- 
nides are fed back into the reactor to be burned and 
destroyed by fission processes. Accordingly, the reac- 
tor of the present invention reaches an equilibrium con- 
dition in which actinides represent a fixed percentage of 
the total reactor fuel inventory. After this equilibrium 
condition is reached, the reactor of the present inven- 
tion may be operated indefinitely without any further 
net production of such actinides. 
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Suitable non-fissioning gases may also be added to the 
fuel gas to enhance the output of electromagnetic en- 
ergy and to further optimize the performance of the 
NERNUR reactor. Such gases include all of the noble 
gases either individually or in various mixtures, as well 5 
as CO, CO 2 and other gases possessing similar charac- 
teristics. 

An optional buffer gas circulation system 68 is illus- 
trated for circulating a buffer gas, such as one of the 
noble gases, around the inner-periphery of the reflector- 1 ^ 
moderator 12. The purpose of this buffer gas is to sepa- 
rate the fuel gas from the walls of the reflector-modera- 
tor in order to minimize the corrosive effect of the fuel 
gas thereon. The buffer gas may be necessary in in- 
stances where the fuel gas is a highly corrosive com- 
pound such as UFg. In instances where the fuel gas is 
not corrosive, or where in the reflector-moderator 
structure is formed of a material which is not attacked 
by the fuel gas, the buffer gas circulating system may be 
eliminated. 

The NERNUR reactor of the present invention pro- 
vides a number of advantages over both solid fuel and 
gaseous core reactors known in the past. For example, 
important economic benefits are derived from the use of 
fuel in its gaseous state since there is no need for fabri- 
cating solid fuel elements which require the use of high 
cost alloys, expensive quality assurance activities and 
great care in shipment. Furthermore, fuel bred in the 
blanket of the reactor can be separated and incorpo- 
rated directly into the reactor fuel cycle in the appara- 
tus of the present invention, thereby eliminating special 
shipping costs and costs affiliated with safe-guarding 
fissile materials. Furthermore, the structure of the pres- 
ent invention requires only one relatively small critical 35 
mass in the reactor, so that the large fuel inventories and 
associated controls required with conventional solid 
fuel reactors may be eliminated. 

The reactor of the present invention is also attractive 
from the safety point of view. More particularly, in the ^ 
system of the present invention, the gaseous nuclear fuel 
is continuously cycled through the reactor. Fission 
products can therefor be continuously separated from 
the fuel flow, resulting in a minimal concentration of 
radioactive waste in the reactor core which could es- 45 
cape from the reactor if an accident should occur. Con- 
sequently, measures for preventing these materials from 
escaping into the environment in the event of an acci- 
dent can be reduced in the context of the present inven- 
tion. Furthermore, in view of the small inventory of 50 
fission products involved in the operation of the present 
invention, melt-down problems have been substantially 
eliminated, so that the cost and difficulty of providing 
adequate emergency core-cooling systems is reduced. 
Furthermore, with the use of gaseous fuel, a cata- 55 
strophic reactor runaway is essentially impossible. 

The reactor system of the present invention also pro- 
vides significant advantages in the field of environmen- 
tal protection in that it permits the most dangerous 
nuclear products to be recycled and at least partially 60 
destroyed. Furthermore, in the present gaseous core 
reactor a much higher than normal flux of thermal neu- 
trons exists (5 X 10'^ n/s-cm^, for example,), which 
accelerates the process of consuming nuclear waste 
materials. In addition, the energy output of the present 65 
invention in the form of electromagnetic energy partic- 
ularly in the visible light spectrum, provides a particu- 
larly small chance of environmental pollution due to 


8 

any escaping energy transfer medium, such as heated 
water, steam or other commonly used media. 

A further advantage of the present invention lies in 
the wide range of temperatures at which it can be oper- 
ated and in the wide range of power outputs available. 
This wide range of operating parameters permits the 
apparatus of the present invention to be used for the 
production of large and small power outputs in combi- 
nation with many different types of communications 
and power generating systems. 

Obviously, numerous modifications and variations of 
the present invention are possible in light of the above 
teachings. It is therefore to be understood that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described 
herein. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. A gaseous core nuclear reactor operating at wide 
ranges of temperature and pressure generating output 
power primarily in the form of non-equilibrium electro- 
magnetic energy, comprising: 

a centrally located reaction chamber, 
reflector-moderator means surrounding said reaction 
chamber, 

fuel inlet means in said reflector-moderator for admit- 
ting a gaseous fissile fuel to said reaction chamber 
for providing an optically thin fissioning medium in 
said reaction chamber, 

control means cooperating with said reaction cham- 
ber for controlling the reaction rate therein; 
power output means mounted in said reflector-mod- 
erator for permitting said non-equilibrium electro- 
magnetic energy to be transmitted from said reac- 
tion chamber to the exterior of said reactor, said 
power output means comprising at least one opti- 
cally transparent window; and 
means for maintaining the temperature of such reac- 
tion chamber between 100° and 3000° F. 

2. A gaseous core nuclear reactor as in claim 1, fur- 
ther comprising: 

optical resonator means positioned within or exterior 
of said reaction chamber for stimulating the emis- 
sion of coherent radiation from said reactor. 

3. A gaseous core nuclear reactor as in claim 1, fur- 
ther comprising: 

a fuel feed means for delivering gaseous fuel to said 
reactor and for reprocessing partially reacted fuel. 

4. A gaseous core nuclear reactor as in claim 3, 
wherein: 

said fuel feed means further includes means for sepa- 
rating radioactive actinides and fission products for 
recirculating said radioactive actinides to said reac- 
tion chamber. 

5. A gaseous core nuclear reactor as in claim 1, fur- 
ther comprising: 

buffer gas circulating means for circulating a buffer 
gas around the periphery of said reaction chamber 
for separating said gaseous fissile fuel from the 
walls of said reaction chamber. 

6 . A gaseous core nuclear reactor as in claim 1, fur- 
ther comprising: 

pressure relief means coupled to said reaction cham- 
ber for preventing said reactor from attaining a 
pressure above a predetermined level, 
monitoring means mounted to said reflector-modera- 
tor means for monitoring a selected parameter 
within said reaction chamber; and 
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emergency flooding means coupled to and controlled 
by said monitoring means for quenching said reac- 
tor when said selected parameter exceeds a prede- 
termined value. 

7. A gaseous core nuclear reactor as in claim 1, fur- 
ther comprising: 

a cooling means within the inner periphery of said 
reflector-moderator means, and 
energy conversion means coupled to said cooling 
means for removing heat energy therefrom. 

8. A method of producing non-equilibrium radiation 
using a nuclear reactor, comprising the steps of: 

providing an optically thin gaseous fissile fuel in a 
reaction chamber of said nuclear reactor, 
maintaining a critical mass of said fissile fuel within 
said reaction chamber so that self-sustaining nu- 
clear fission occurs within said reaction chamber, 
maintaining the temperature within said reaction 
chamber between 100° and 3000° F; and, 
providing said reactor with an optically transparent 
window for permitting said non-equilibrium radia- 
tion to be transmitted from said reaction chamber 
to the exterior of said reactor. 

9. A method as in claim 8 further comprising the steps 
of: 

providing an optical resonator within said reaction 
chamber for stimulating the emission of coherent 
radiation. 

10. A method as in claim 8, further comprising the 
step of: 

circulating a buffer gas around the periphery of said 
reaction chamber to separate said gaseous fissile 
fuel from the walls of said reaction chamber. 

11. A gaseous core nuclear reactor as in claim 1, 
further comprising: 

means for maintaining the pressure of said reaction 
chamber between i and 100 atmospheres. 


12. A gaseous core nuclear reactor as in claim 7, 
wherein: 

said cooling means includes a helically coiled cooling 
tube surrounding the inner periphery of said reflec- 
tor-moderator means; and 

means for circulating a gaseous cooling fluid through 
said cooling system. 

13. A gaseous core nuclear reactor as in claim 4, 
further comprising: 

a cooling means within the inner periphery of said 
reflector-moderator means which is separate and 
distinct from said fuel feed means. 

14. A method as in claim 8, further comprising the 
step of: 

maintaining the pressure within said reaction cham- 
ber between § and 100 atmospheres. 

15. A method as in claim 14, wherein: 

said temperature and pressure within said reaction 
chamber is selected within said ranges to substan- 
tially maximize the probability of non-elastic colli- 
sions between high energy fission fragments and 
surrounding atomic, ionic and molecular species 
whereby the production of non-equilibrium radia- 
tion within said reactor is substantially maximized. 

16. A method as in claim 8, further comprising the 
steps of: 

continuously recirculating said gaseous fissile fuel, 

seperating fission products and radioactive actinides 
that are present in said recirculating fuel, 

I returning said radioactive actinides to said reaction 
chamber to be destroyed by nuclear fission; and, 

discarding said fission products 

17. A gaseous core nuclear reactor as in claim 1, 
wherein: 

said gaseous fissile fuel includes uranium hexafluo- 
ride. 

18. The method as in claim 8, wherein: 

said gaseous fissile fuel includes uranium hexafluo- 
ride. 
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